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1.0 INTRODUCTION

1. Statement of NMeed - There is a need to forecast the vibro-

acoustic environment produced by Space Transportation System (STS) lauunches
at Vandenberg Air Force Base (VAFB) to support facility design, operations
and lifetime predictions,

1.2 Scope - Figure 1 shows the major Cround Support System (CGS5)
elements neighboring the launch pad. Our report treats launch
vibre-acoustics rfor two of these structures: the Pavload Changeout Room
(PCR) and the Administration Building (AB). The PCR is a multistoriec
mobile structure used to carrv pavlecads from the Payload Preparation loom
(PPR) to the Shuttle on the Launch Mount (IM). The AB is the fixed
buildirg in the foreground ot Figure 1, south of the PPR.

Prior to launch, the PCR is rolled back from the LM and parked just }
of { the east facve ot the PPR. At launch time the PCR, PPR and AB are
three distinct, tightly clustered multistoried structures. For small
rictions, the buildings nove freely of one another. For displacements in
excess ot a few centimeters, they will collide. Secondary motion produced
bv pounding is outside the scepe of this study; only the likelihood o1
irpact is corsidered.

I.3 Approach - Vibro-acoustic forecasts presented here combine a
shuttie source terr cstablished at Kennedy Space Center (KSC) (1,0) with
meacured responses to small test explosions taken at VAFB, Appendix A.

These respenses contoan site peculiar reverberations to be encountered

drring g STS launch at VALK, Fffects due to the r1ocket exhaust clioud and
fnconplete corctruction are not included in these estimates. Tt i

t

Lotieved their ondssnion wil! net materially degrade the forecasts.

s e N oo P P T - o
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2.0 (;SS LAUNCH ENVIRONMENT SPECIFICATTONS

2.l Definitions - Motion environment can be speciiied in many
ways (3). Peak motion is commonly cited, as is level. Both peak and
level thresholds have the advantage that they are readily validated with
minimal analysis and interpretation. For major structural members, more
compreliensive measures such as pseudo response spectra or power spcctra are
usually invoked. In order to satisfy a variety of often cited motion
specitications, we quantify Shuttle launch vibro-acoustics in the band
0.3 to 30 Hz as follows:

2.1.1 Motior Fstimates

a) TPeak Motion: The maximum component motion ot a point irer
ite tong-term rest value.

b)Y  Response Spectra:  The maxinum motion over a family of second
order systems having ’7 or 57 Jdamping excited by a prescribed base motion.

¢} Motion level: The root mean square motion of a point about
it rest value over a duration T, starting at time t.

d)  FPower Spectra:  Pericdogram average based on motion samples
ot duratien T.

JL107 Pressure bstinmates

Pressure descriptors also bave severa. variants, Pressure

forecasts are given in terms of the tollowing:

a)  deakh Mrescure:r Thie largest observed pressure deviation !rom
mbicent.
' il o e Ceve b ThO toot mean square pressure in o tarrd
o tace band Coventered b re i e s, tv. over o duraticn T, vtarting ot
time t.
oot et e eodeytam averane of prescare sanples o
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duration T.
d)  GASFL: Jroadband mean square pressure estimate determined by
integrating the "best {itting" standard torm spectra.

2.2  Launch Environment Specifications

2.2.1 Motion - Motion specifications have not been established
for either the PCR or AB. However, acceleration spectra in excess of
)
01" /tz and pseudo velocitv responses in excess of 100 inches/second are
cited as motions of concern for other GSS structures (3). To these
"thresholds of concern” we add a peak displacement that is half the
rrelaunch at-rest gup with the PPR.  For the PCR, a west displacement as
small as 1,0 centimeter can be a motion of concern, while a north displace-
nent of 2.6 centimeters constitutes a "motion oif concern'" for the AB (4).
Z.0.2 Pressure - Far-field acoustic estimates for launches at
station V23 hove not seriouslv treated pressure modifications caused by
topography and €78 structures (5). The forecasted OASPL maximum from 6.4%

nodel studies coinciaces vith our findings for a flat open area.
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3.0 FINDINGS
lLaunch motion forecasts are summarirzed in Table | i{or points

on the south Payload Ground Handling Mechanism (PCHM) rails and the Orbiter
Flight Simulator (0OFS) floor. The locations were selected by the Shuttle
Activation Task Force (SATAF). The table elements give the maximur. value
obtained in one simulated launch. Motion values approaching or exceedirny
thresholds ot concern ave highlighted.,

3.1 Motion - Launch generated side-on pressure cn the east tace
ot the PCR will torque the structure into a lightly damped swav in line

with the

aunch Mount and the PPR. The motion forecast for the P(CR
regularly evceeeds the displacement threshold of concern. A 5.0 ¢m
prelaunch "at rest" gap between the PCR and the Pik is insufficient to
repularly accemmodate the expected sway of both huildings. The structures
ran a high risk of pounding during a launch. The rebhounding
characterigtics and subsequent damage trom such collisions are outside the
scope of the present study,

y +

e Pressure - The protusieor of multistoried structures in tie

e diate nefehboriiond ¢ the faunch Mount produces reverherations that

signiticantly aftar tie pha e, Tevel and pectral characteristics o loaa

—_—

accusties dapinging on the 1 CF and PPR. Forecasts that include gite

teverh rations ol tained inos

unding tests call tor preesure spectra on tlie
vant oacce s PP ek s db hiipher than spectia at g dot- carth dito

rothe Same i tan e,

VAl et et g tor o Laurches o wrciuttered
Plot-earth ate Dike ¥ e et Pocouse such ) taces do o net raterio by
reshape load spectra.s o Gontrast, OATTL contour maps cor VAFL are o
Trroate b utility beownoe vevrberatoons alter the o spectras content angd
phoccdny or the appiced Toad cn croctures noielboarinr cho pomeh Mourt,
e A e & a P T, )
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4.0 PRESSURE FORECASTS

4.1 Intrcduction - Pressures outside a scuice region can be separated
into a free-field term and contributions arising irom boundaries. For a
small source in an isotherma!, windless atmosphere overlying a dense, flat,
rerfectly retlecting earth, the surface boundary doubles the incident
free-field pressure term (6). For a less than perfectly retflecting
flat-earth, surface pressure depends on the path defined by the source and
measurement locatione.

Surface pressure produced by a Shuttle launch at KSC is well
represented by small scurce, tar-field, spherical acoustics incident on a
ilot-earth for stations clear of the rocket exhaust groundcloud. Sur:ace
pressures at of {sets irn the range of 200 to 400 meters decay iuverscels with
range without a change it form, with phase delavs in harmony with the
pressure field preduced by a point source imbedded in the rocket plume
moving with the Shuttle (0,2). Around the time of maximum loading, STS
Taunch overpressures <otisty standard form undeflected plume spectra ().

The OASP! nmuximum at KSC for 2.56 second averaging at stations 300
meters from the Tannch pad, clear of the groundcloud, accurs about |1
seconds after liftolt with the Shuttle at an altitude of 300 meters. At
thiv time the equivalent acoustic source is 100 meters below the Shuttle
(Pr. dhe CASPY maxinom is 148 db (150 db for 0.3 second averaging) ().
The spectral maximum o arourd 7.0 Hz, 4 value in harmony with scaling

cotimates thot use the propulsion svstem parowncters (7,R).

Laa’a o alse .- oA - v *a % e _a_»_a




4.2 Pressure Representations:

4.2.1 Shuttle Source - Launch generated suriace overpressure time

histories around the OASPL maximum at an otfset of 300 meters are simulated

bv convelving an independent, zero mean, urit variance, normal process,

T

R0, 1) with a STS source term, Y, (1) and a site response @ (as,h;t).
Dy by

in this construction, 52) connecty the pressure developed at the ground
surtace teoa osource pressure emitted by the propulsion s=vstem. Tt dincludes
dud o contribations caused by site bounduries whiie the shaping tern, v, i
colelvoa o souree attribute of the incident free-ticid pressure, independent
o boundary contributions,

shortly betore und tollowing the oany) naximum, spectral shape uat
points neighboring the Shuttle iaunch in relatively coustant.  The
conepicoicus change tor a fixed observer monitoring a moving iocket s in
conrd power Jevel.  The pnonstat:ienary (horacterietic in acoustic level fom
v laanch s incorporated Into our simulation by oan enpirical envelope

tanction, Eta ,t) giving:
©
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TABLE 1
PEAK MOTION VALUES

RANDPASS C.3<f <30 Hz; Launch #6; A3

1eCA] [ON L)_I_SPLACEMENT VELOCITY ACCELER'ATTON
(ecm) (cm/sec) (g)
[ RN
CPEER OSeUTH TOHM RATL
< 0.43 3.4 18
N 0.46 4.7 .16
k 2.32 21.6 .34
PR
LOVTR SOUTH PGHM RATT,
7 0.74 6.6 .55
N 0.21 2.5 .09
} 0,52 6.5 24
Al
OFs FLOOR
Z .41 9.3 .73
N .26 2.9 11
I 0.37 3.7 14
1Y
= - a a — a . s a - m.
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be m: 1ntained b. tween buildings, pounding is unlikely and our simulatione

1 g Y
should almost alwavs apply. 17 the [0 cwm gap cannot be maintained,
poueding can again be avoideu by hard coupling the structures to Vorce them

to move as a <irple svsten,

e e e B LLJ
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the PCR wiil exceed seme threshold displacement, d, after a specific number
of launches, N. lhe cuwmulative probability that the threshold, d, wiil be

met or exceeded by the Nth launch is given by:

W(N)= I-P(d)N

Yrom Figure 20, P=507% for steady state segments of slightly more
than 2.0 seconds. The chance that 2.00 cm will be exceeded after 3
lTaunches is 7 chances out of 8. Similiarly, there is & 50/50 chance that
the PCk will exceed a displacement of 3.5 cm after 5 launches.

In the same way we generate the distribution for the vertical
acceleration maxima from steady statc samples, Figure 22. Using I'(35)=507,
the OFS tioor is expecied to experience a peak acceleration of at least
(.7 g for rost launches. Over a sequence of 5 launches there is a 50/50
chance that the OFS floor accelertation will exceed 0.85 g's.

5.6 Summary - Table 1 is a summary of peak launch motion valves
obtained by simulation. Meotion maxima are given in terms of displacement,
velocity and acceleration.  The motions of concern are the east
displacement of tie upper PGHM rail and the vertical acceleraticn ot the
OFS tleor. The peak nmotion over a sequernce of launches varies by about a
tactor of 2. The dJdistribution in the peak value is in harmony with the
torecast obtained by segmenting a statlonary process,

‘“he nt-rest gap between the PCR and PI'R over a set of launches is
itself an urcertaln quantity subject to statistical description. The
minimum gap between the hard roef edpes measuved August 1984 was something
'ew:: than 1.0 cm. AL that time, the PCR was skewed well out of oligument

with the 'R, 1f a prelaunch at-rest gap as large 2= 10 cm can alwavs
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distribution is graphed in a manner that plots a Normal distribution as a
straight line. The PCR displacement maxima are not distributed as 4 normal
variate. They lie much closer to a Raviefgh population, the limiting
distribution for maxima of a narrowband process. The figure gives the
probability oi containing the maximum displacement by the threshold based
on assumptions about how loug the PCR motion "essentially" holds a steady
state characteristic during a launch; i.e., the average number of maxima
encountered in the interval for E(as; t)=1. The longer the motion
persists, the larger the absolute maximum.

It we now treat each launch to be an independent event governed
by the probability distribution P(d) shown in Figure 20, the maximum
displacement of the PCR after a number ot launches can be immediately

torecast through the return period (1b6) defined by:

T(d)y =1
1-P(d)
The expression is simply a statement that 1f the PCR has a4 single
launch probability, p = (1-P(d)) ot exceeding a threshold displacement, d,
we must have, on the average, 1/p launches to exceed the threshold once.
Figure 2] 1{s the maximum displacement forecast for the PCR roof
hased on the return period of steady state motion sample segments of
between 2.00 and 3.00 second duration. The forecasted peak displacement is
relatively insensitive to assumptions about envelope shape after a modest
number of launches. Over a facility life cvele of 100 launches, the
sbsolute maximum west displacement of the PCR from its prelaunch rest value

{s estimated to be 5 c¢cm.

Viewed somewhat differentlv, we can estimate the probability that
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histories exceed the cited .Ulg:/Hz threshold for a number of frequency
bands, Figure /. .n contrast, psendo velocity spectra are well below the
10 In/sec level, Flpare 8. Even over a large sequence ot launches, {t 1y
highly unlikely that oFS floor motion will exceed displacement or velocity
thresholds ot concern.

5.5 Repeated Launches - The maximum probable motion excited over a
series ot launches depends on structuie response and the ensemble charac-
teristics of the Shuttle source pressure being ultimately representable
B N(OL 1) provess,

The maximus motion forecast for a sequence of launches s based

on the distribution or a stationary process, u (r,t) obtained by setting

E(r se)=1, leaving:

uS,A:;.\r;L) - u“xp(r;u AW (t) * N(O,1)

where, as before, the motion produced by an explosion is represented by:

sty o= G ; * Y *
U\:xp(r ! (ri;t) vxp(t) S(t)

tor the path established by r.

Figure 19 s the distribution obtained tor east displacement
maxira of the upper PGHM rail when the PCR is excited, long term, with load
values appropriate for around the time of the OASPI, maximum. The maximau
for such a construction are known to lie between a Rayleigh and Normal
distribution, depending on spectral composition (17).

Fipgure !0 1< the distribution in the absolute maxima of PCR root
displacements in the dircction ot the PPR for ditterent length samples

baured on the stationarv process for the I'CHM rail that preserves tilt. The

Aemad]
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members like the PGl rails can be treated as the input motion to attached
computients. Concern dbout the maximum motion excited ir hardware during a
launch naturaliy leads to the consideration of pseudo respeonce spectra.
For such analysis, a motion in excess of 100 in/sec has been cited ac o
"value of concern'” in other GSS structures (3).

lipure 15 depicts pseudo velocity response spectra for 27 and W7
damp ing bascd on the upper and lower rail simulated motion, Appendix . The
results are plotted in g fashion that readily allows alternate estinates in
terms of acceleration or displacement. 1he only motion approachiiug the 00
in/sce level is the ecast velocity of the upper PGHM rail. It can be
expected that pscudo velocities for points above the upper PGHM rails wil!
exceed 100 in/sec (254 cm/sec).

-

Y. Administrat ien Puilding Motion - Inm much the same manner as 1on

the PCR, we construct launch generated time histories for the ¢S tloor in
the Administratior Building. Figure 16 shows floor accelerations tased on
response measurenents constrained to a source height of less than 60
meters above the luunch mount. FPeak vertical acceleration in this case
approaches 1,0 g, Since the simulaticn almest certainsy underestimites
roof loads penerated by the Shuttle moy ing south and higher than (50 meters.
true peak iloor aveelerations night well exceed 1.0 g.
Peal displacements of the AL normal to the eap with the PR are

cupntantially smaller than the dat-rest opening. & design pap in excess of

Lem o shonld accomuodate Administration Building displacements.  Facility
damape due to dispiacement should be contined to weak Al-17% connect ing
cactent,

OFs tleor accelerostion spectra based on JLh6 second time

SR SR SRS Y S D T WA S S i, b B




PCR develops a secondary sway at right angles to the tirst but at a
slightly higher i{i1cquency. This secondary sway is aggravated by the torgue
produced by retlecticns oft the PPR that travel back along its south f.ce.
The horizonal motiou iz considerably larger at the upper elevation; tle
vertical motion is more intense near the base.

5.3.7 bisplacement - Figure 12 recasts the motion given in Figure !
into a displacement time history. As a rcsult of sway, the upper raii
executes an eacst displacement that is ip phase, but larger in magnitude
than that of the lower rail. The maximum tilt between the rails is
1*10_3 radians. A peak displacement at the roofline that preserves tilt
implies n displacerment 407 larger than shown for the upper PUGHM rail.
Displacements fn the direction of the PPR should regularly exceed 2.0 cm.
An at-rest gap of 5.0 ¢m or less between the two buildings is probabiv
inadequate to aveid pounding. OUur simulation, being based on a lirear
response, becomes invalid when pounding occurs. Pounding can be expected
to substantially intensity motien in the PPR and PCR.

5.3.3 Acceleration - Figure 13 recasts the velocities given in Vigure

}1 into acceleration time histories. Lower rail acceleration spectra based
n

or 2.56 second samples approach .0lg /Hz, a threshold of concern for

other tacilitices (3), Figure 14. True motton, unlike the simulated motion

rime histories, includes ceontributions above 30 Hz. Hence, actual peul

acceleration should bLe somewhat larger than its corresponding simulated

vaalue, 1t {5 worth roting that acceleration spectra in this simulation are

stess U orders of magnitude larger than observed {or KSC ground stations

at the sare distance ao the PCR O(11),

LA pseude Yelocity Ustimates - Motion oxcited in major structura
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a vertical trajectory, h=h(t):
u, (PCR,t) = G(PCR,t;h,n) *
K

As before, (h,t) relates to pc\p (h,t) through the mapping

Pors
operator, W(t). G 1s determined by measurement over the path defined by
its end points, namely the position of the "equivalent'" STS source and
Jocation of the seismic observation.

5.0 Responses - ( values trom test shots are available for
15<h< 60 meters. In this range, PCR response Is found to be relatively
inseusitive to source height, Appendix A. PCR motion torecasts use a
height insensitive response that satisfies the tirst seven seconds of
tiight. For later times, the relative error will undoubtedly grow. The
dircctlon that the error takes depends on the type o!f structure. Motion
torecasts for relatively tall, stim buildings like the PCR will in all
likelibhood be overestimated. In contrast, both the roofload and motion
torecast tor the Administration building will be underestimated when the
torecast is constrained to use only the tirst 150 meters of Shuttle
trajectory. As the Shuttle moves south, backscatter otf the PPR south wall
should nearly double and phase align the rootload on the Administration
Butlding,.

S.t POR Motton Stmulations -

5.3.1 Particle Velocity - Figure 11l depicts particle velocity time
historfes for points on the upper and lower south PGHM rails assuming that
the height insensitive building responses obtained In sounding tests will
continue to apply when the Shuttle {s above 150 meters. [n this sinulation

the early rail motion {s dumtnated by a lightly damped building eway in

I{ne with the faunch Meunt., As the launch proceeds, the

S S e U I N Y P PP . .
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5.0 MOTION FORECASTS

5.1 Motion Representation - After Backus (10), motion excited at a

distance by a source acting at the origin of an elastic system can be

expressed by:

Uk(x;(_)= Z 7*1—' G (x.t.o 0) * M
nt Cki,g.--y (x50, . (050

n=1 n 1,j3°"

For a small source the first term dominates (1)), to give:

uk(x;x)= Gki,j(X;t:U’O) * M1 (0;0)

3

In turn, & simple center of pressure can be represented as the product

ot 4 tunction ot time and a constant (1) to give, in this case:

I (L)« s § Ji.=o i4]
ij exXp i] J

Under these constraints, the component motion excited at a point within the
PCR by an explosion over the launch Mount is reduced to the temporal
convolution of a source pressure with the response of a time invariant
I{near system:

nk(lei;z) = C(PCR;t:h,0) * p (t)

exp

The motion excited hyv the moving rocket leads to a time dependent path. For

11

P W D S VN SO S S R S I S S S




s R A R R BOL Sy -

. A i Sl S

reverberation pattern excited by a source under 100 meters will continue to
applv at higher altitudes. Feor a 87S launch, our forecast best applies to
times leading up to the OASPI, maximum. The forecasted peak pressure in the
hand 0.3&f <30 Hz tor the face of the PCR is 164.4 * 1.1 db.  The expectud
SPL. maximum 1or one second averaging is [15%.8 ¢+ 0.5 db, lFigure 8. The
correspounding SPL maximum for the same offset at Ks(, free of the ground-
cloud, is 14¢.7 db.

45,0 éﬁ_ﬁggi - Iu like manner, we simulate pressure on the roof of
the Administration Building over a sequence of launches, ligure 9. Ac for
the face of the PPR, spectral shape iu substantially altered by site unique
reverherations, Figure 10.

Table o compares the results of a thivd actave analvsis using 2.56
second camples cround the 0ASYL maxinurm from one sinulation with corres-
ponding values obtalred for 410 anc a simulated Taunch ot o 1lat-carth site
tor a surface observer aftfset ¢t 6l meters.  The QASPT for Mission 41D is
149 db . the comparable flat-carth value using FOI wavelets in thigs
simulation is 4,4 db. The flat-carth CcALPL value is quite close to A 47
model ¢otimates (3. Pressure camulations for the root ot the
Administration fmliding Gud fne tace ot the PPR o tend oo be higher than
those votablishod wt reverberation trec cites. The disparity between

pressures tonds o oW Lol r T B e,

]




M B
]

v

— T

b

—r — o~ v w e

B

- o v~

.v.ﬁ

Toe® T R R T TR Ty T e —e —
hd L oy o . T vy —y g —

4.5 Launch Pressure Simulations - The mapping operator W(t) obtained

trom flat-earth measurements 1s now applied to pressure wavelets produced

by 2.5 pound charges detonated over the Launch Mount:

V23 V23
. - ' . x . .
Py (r;t) W(t) * pvxp (r;t) E(r;t N(O,1)
where: Va3 (r;t) = ¢ (r,h;t) * Y (t) contains the
¢ pexp o vy23ror e exp ne '

site response dand W(t) is defined by the operation:

’ = H iﬁ 7
\f?TS(L' W(t) \ex;)(t)

4.5.1 East Yace ot PPR - Shuttle launch pressure forecasts within the

V23 station area differ markedly trom pressures measured at flat-earth
sites after allowance {or boundarv effects, Figure 6 shows a sequence of
simulated launch pressures on the east face of the PPR that contain
reverberations excited bv shots detonated over the Launch Mount. The
pressure on the east face of the PPR differs significantly from simulated
or measured pressures for a flat-earth site at the same offset.

Reverberations encountered at Station V23 alter both the level and
spectral shape of the load on the PPR. Figure 7 is the ratio between the
pressure spectral level on the PPR with like values for a flat-earth site.
Surface loads on the PPR are enhanced by as much as 14 db because of local
boundarv ettects. The reverberation pattern is sensftive to source and
observer location. Almost certainly, launch pressure at VAFB will continue
te differ from FsO tor times well after the Shuttle has cleared the launch
Mount.

Pressure time historievs for simulated launches assume the
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spectra produced by this explosion into STS launch pressure is given in

L Figure 3 with:
L ;

'S J1)
PSP g la,

3
{ ESD (a , 031 /T

exp 5
Phase is specified by demanding that the operator be realizable and of
minimun phase (9),
*‘u 4.4 Simulation Source Ervor - 1f only to provide a check, we sfrumlate
" otmulation »ource b RALE

a STS launch for a ilat-earth site based on a 2.5 pound shot wavelet

measured at the VAFB EOD Test Range using:

] FE . FE
PsTs exp

Y

Simulated launch pressure is plotted directly above Mission 41B pressure
measurements taken 291 meters southwest of Pad 39A, Figure 4. As can be
readily seen, broadband surfuce pressures for actual and simulated launches

look much alike. The wain difference between the two lies in a change in

spectral content that occurs over time for the actual launch. To show

S this, we construct a sequence of bandwidth limited pressure envelopes for
) the launch ¢t 41B, Figure 5. The low frequency envelope for an actual
I

launch 18 more persistent than allowed by the broadband envelope. Also,

the low frequency portion of the {gnition pulse for an actual launch is

le less attenuated by pad structure and, as noted in other studies, the true

3 plume spectrum dritts to lower frequencies as the rocket ¢limbs to altitude
3

t- (2,7)Y. looking ahead, our simulations should tend to moderately underdrive
!

r. low trequency (<5 Hr), lowly damped (<107) structures such as the P(R,

:
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for launch funduced surface pressure at points not blanketed by the exhaust
cloud tor oltuets ot 250« r < 35 meters over a flat, open area like KSC,
4.0.0 bxplostion source - In much the same way, surface pressure

generated by an armospheric explosfon satisties:

5 N O N Y VTR FU N A B S Y (L) * 4 (t)

e 5 5 exXp

with extrapolations abont a4 over a flat-earth site {n the range ot

interest asain governed by small source, far-tield, spherical acoustics:

ik(r-a )
S5

FE B X 4

2
(ds*(gq/u) (r—uﬂ))

oo rente o tattons, ditterences hetween explosion and launch
prteTated cartace 1 ssuren are separated into purely site and source
attrfiutes.  coar e itierences can then be directly estimated trom
measurerent s at site waith fi1ke boundary conditions.

4.3 Source Mapping Operator - We seek an operator W(t) that maps an
explosion pressure into an equivalent plume source for common boundary

conditifors and source-chserver geometry:

Ca ot R Wy s o p o (a st
PPYW ln { ;515( s’ )

Flpure 2 {s a standard torm surtace spectrum obtained for Mission 41K
using observations in the clear, 290 meters SSW of Pad 39A (2). Included
iu the tigure {8 the spectrum ot the wavelet produced by a 2.5 pound
explosive charge tor the same offset and averaging time at a flat-earth

site, sgee Appendix HB. The amplitude necded to convert surface pressure
pp P P
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"ndividgual chiannel responses tor these tests are given fn Figures 1A and

A, Channel scale tactoers are ultinately traceable to a force produced by

a4 prool mass, or g pressure developed by a column of water o! known heipht.

“oise in these tests is coninated by the ambient counditions ot ~het time.

llardware ucise is incomsequential (1,2).
Measured wavelets produced by 2.5 pound charges detenated 15, 4, and

A meters above the launch Mount are givew in Figures 4o and 4A. The

pressure and seismic wavelcets establish site specitic tesponses to

-
'

deoustics emitted trom 3 peirts along the STS trajectory and incident o

locations of interest to SATAF.




APPENDTIX A THE SelUh [NG PROCEAN

fhe sounding program called tor neasuring pressures and motions
sroducee by cnall eharges detonate!d cver the Taunch Mount.  The effort waw
cre of a serics ot steps to upgrade lorecasts of the vibro-acoustic
cuvironnent for STS lannches at VAFB.  The V23 sounding program was planned

i two segments.  The rirst phase cailed tor a limited effort to develop o
actia: hase to tightlv defire and scheduie a larger ‘ullow-on "productiorn”
etlort that wonid minimally impact other wite activities,

b Spril, 1985 SATAY reconscdered its need to conduct the second phase
cltiorty the prope sod work was cancelled in August. A8 a cersequence, the
cnrrent studs Twst be restricted to those points cevered by the March
Leasts.,

»

be morning or 1) March, 1984, sevenrn charges were detonated over

the Taurch Mount with the V235 structures in launch contipuration.  Thie SAB
root ard wall pancis were not completely in place Jor these tests,  jnstal-
fatien of the remaining panc!ls should 1 tensity reverberations,

la these tests, shet elevations vere limited to b0 meters by the
maditur possible height of g suepension live strung betveen the MST ond

. capter source elevat fens haa been planned uwoing a tetheved btalloon,

ut the previcion too oaspend charges trom a bation was dropped after a
vt ol aberted Tauns Yoo,

.

casnrenert s owere talen Lvoan elermert of the Aol Geophivaical Data
cloSb s Lvsten LGSy LEd) . e contigured tor the Morol 1/ test, GDAS

Uppeor Let o e ivmie and L pressare measurement o, sece table A0 Channel

ooy mees were decernined byoanalveding transicrts excited byoaostep input

Alth o tie s term o place just betore and after e shot seduence,
)
o e e aa D S P P . U S S S S




DISTRIBUTION OF

ABSOLUTE

Figure 2

ACCELERATION

- —— A T o
RETURN PERIOD T(g)
P.2— [ 1 T T T 1
2 S L6 20 30 100
NO. U LAUNCHES
. 0— /
e

o /
L U.e—
V)
. S(3s)
08— a7
= (9 - —
.2 0.2— (S
J B!
-
-1 o—
- 1.60<2-1.62% sec
) {(17) 0.80+t=<0.829% sec
— (9) 0.40-t1<0.425 sec
— {(S5) 0.20-¢=0.225 sec
o (1) (1) t-C.05%0 sec
= TR S GRS CH SN G G T VD B B D S
-
P
= . S 10 20 30 40 50 w0 Ju o HO 90 yn o 9H 99
-

PROBABILITY %

MAXIMA:OFu




-~y LA d"a e Ban ons ok aes maa = T —— —-————————
5 T
=9 d
o b
: +
#
g
- 4- § second dvegments
vl )
.. b- ! second segments
|
Z —

T T T T T i T T I R
lu 20 30 40 50 60 70 80 90 100

NUMBER OF LAUNCHES

PEAK PCR DISPLACEMENTS FOR MULTIPLE LAUNCHES

Figure 21

42




vl

KETURNM PEKIOD T(d)

| T I T
2 s 10 20 50 lo0u

NO. OF LAUNCHES

U=
L
0 -
P2}
(s
PE2) 3 O=<ted )N we
(9) Ut =l 7Y wed
) L.y 28 -
o _ He
{3 (00 4 Seta0.7" pes
1) te Q.50 se.

(Y A S R GRS N N NSNS G SV G U N

1 2 s 10 20 10 40 S0 60 70 MO 90 95 CY '

PROBABILITY %

' STRIBUTLON OF ABSOLUTE DISPLACEMENT MAXIMA: PCR

Figure 20

41

TP s W, Wi, Sy ape W SRR Y SR LR Y




BPARLILLIY =

Lo

Ty

PGHM Maxima
Fast Component

DISPLACEMENT MAXIMA DISTRIBUTION:

Fiwure 1Y

40

PGHM RAIL




wj

[}

ﬁwau*almn. e oy, (v aec
LHAO 6 Fram L Osree 2]

N o
R ) BTN ]

L P e e d ‘-q.q.u,u‘uu:"
[N »

TRt A gy 1o
N - »"VLK‘_\“ "9\&‘ Y.

Pevea., Ly et V) Cmosec
[Ea2 41 SURYY DR R L IRTEFNS U Fe

A,
SEAT A e
A L,

R AR .

K] ‘.,"".'" 'y

- Al g

Pue o e loc ity Ot (PR VY Conec
: 19, tapen g FROM 43

I v.l‘
AP

g

A
317

-

(AT Ul

PLEUDO -y ELoog

e et A A e S
~le alah ol Aale




" ¢ T % F

—r v o M
(9 - ert Tiee @ @ 8. 10 AR Y A e
. ‘hennel: B
*x,
: b M"
\l':a‘ ‘L[ \fw ‘I
2 f AP‘ s
! ~ LA \
i * Ay /\«\J \.’1; I
& : A
. 1] t
W | ‘
\
/ .
-
Ly ‘
M v
- !
' " e, yorvrTYY S Y T Y oTYTIICTCTOOT e
. \ e
. Frequency '*u
' e Wig et lime @ U @ 10 BRN 9 B9 Se
- : Vavel Y
fud
RIUS | \
X
o
i . i
. : |
! . v gy \"'
@ Ca
' -
) 3 \
: |
, . \
. \“__,
toareo
m » € \'; — — _ g
L RS S Aanih i tn o R aASS T
1
oo 8.
»
= foequency 'Re!
r
y - m:’ et T ime Q3. 8 18.8A» 9 A& Sec
- Tacwe 18
! AN 4 ‘/‘l}li 1‘ ’
» M .
; b . IV {»' A
\ 4 v v )
4 CETU PR J L (y#
» i v yo A ! ‘
s 3 \ | i y
r : h \/ I \\
" {wd : “
M i
® : \

.
<,
oy

ARSI S 5.4 atinning (e Sub el e 0.0 SUERNERS Saiten than

i e

Frequency Mz

ACCELERATION SPECTRA: AB

Figure 17/




COMPONENT

VERTICAL

NORTH

EAST

e i A i s e e

Wy e haaliage dends s oo

JFs FLOOR

LAUNCH TIME (SECS.)

ACCELERATION

0.7238
G

—3.697
Q.114

~8.0966
@2.140

-3.144

ACCELFERATION TIME HISTORLES:

SIMULATION NUO. 643

Figure it

37

B o S i U O A S S O S

AB

{
20

BANDPASS
G.3«1«30.0 KZ




vy

AR
———w T T
P\\-w'wuxu,,_ £ T 2SR I DTN Vs Mty e am S
Ol & s N, T, UG 6 e i)
. TR e .
I’V -
g
- e
e R PRI
PREVENER
v
' '
o LS XY LUNAS
; e
P » . -
. 3 . . “
’
W - “
. - .
[ .
i
\
- . '
’ 3.7
1 P . . X
LERY ) L .
. o Ry Ay
- ! ' A
- A -
Fae v Coa ~ » oer .. . L e .
TS X RTINS o trie eare s e
AN AW o A an ‘
2 sl T : C L e % -
Ll G- . AR . -
Lo g . el N : o .
t N - . . s
. - -
‘ T ‘ ‘ ) - t . ’
‘ .
A r‘ t”" .\ N : LR 3 ) " .
Vo . .
[
- BN
i £y
: “ r .
: Lok 331 L.
] : .
. ; ) R
A : .
~ o~ M e Al A
- [ | - - RS
‘ PR ¢ ~ e
- 1,
¢ .
oA - - Lo- s .- . . )
: ot e TR Y : .
Y A w
v o alae
[ W T BRI P ‘“ w an .o - .‘ x - " .
AL 4 I o e Ater s e vete
AR Y
PO L Y
oo I . R R ALY
‘ . . S Co
A
44 .
. . JUEN
av ’ - e I o
B (LI e N

> 3 X

.5
A}
- se
P}
~

By S




- - - - ~ ~ -— r — v— v
-
i ¢ .mig St Tier @ @ @: 10.08 9.& Sc C '3 Svers T ¢ € 8 10aN. .80 s
! 2 Onewwe |2 2 3 :
o 3 vio
4 <1 ) ‘«
] 1
i anl g " ] wn ] L
s 3 M 3 ' f {
1 N | 1 as o /‘“,./ i
. Hy
! Ammg - // \ }\ . 3 - /f\ AJ.. i
- ~. N - H ‘
—- < 3 ~/ \f ‘ ’ v Y !
. 3 \ & ane 3 J ; '
| | 1 f
e L :
! | \\ L “';
: l \ 3
- 1 ‘"5
[ -0 3
3 [N 3 -
_ : L
. - :
B} i‘*‘ii_- T T Y = YT YT T Y Y o A% oy ey - Yy TrT Yoy .«
) 1 1 e ' W
Fraguercy U frreer g
4
‘ . a4 Slert Time e 3 @ 19 AR 9 S Wy Giart U ew ¢RI AR YA e
» 3 Darve | 3 A ﬁ E Chasnel €
b i o i K
am: / h" § ]
! J \ AN ! ‘ ax ‘14 , l
3 o~ ,A /L A] Ly : ' ‘
1 P (VAT s . { XA
EAH AR A b , "ilﬁ‘ W
1 ! y W‘ i i e P ”}L o ‘
4 - i ’ ! ' c!
N | ; !
8 : i N »
e <1 teg ‘ . : oy “;"‘ |
} . i s | . N | !
3 RO | ] |
€ H . ‘
1 : )
< 1 4
) ' R
LAy i
2 . 1
L : - |
<. oA
(ad e ]
e R W"‘Y‘W‘YTY‘VYT“-_‘YH LA YT Y T Y YT T v
x
! 1@ 1 1 ¢
freovency ‘v frequency ‘Ha!
IR ™ Srart e @ @ @ 10 AN YR Sec . a1 Start Time: @ ¢ O 18 ax T A S
3 Yiarvne ! 4 rance | 7
. A §
| Al o
I | / ' Ai M
; Py W
1 !
oo oA i
] i ' o J
: !
; \ |
B |
N L]
® 2 we.! \/‘ /ﬂ | . \ l
3 u} ; - 3L
V m:: 1L
) 3 i \\\
. j | 1 N
; (- |
' {
: S
- (€7
F. ey \ 3
> 1 -
v * l
. ~iL, T Ty TT—— —T T : P e e T T Y o T
. ' . . e 1 1 e
- fraquency (I} freauency tha)
N
o ACCELERATION SPECTRA ESTIMATES: PCK
. Figure 14
° 35
L‘ L o P PR - e - [ S SO N W




y-3 -4 v -

P S A A e A T A R |

SISPCR:A3 STSPCK: B2

CHANNEL CHANNEL
1.69 173
T { S G
1 ! Voite i welve
|
‘-3 14 J Ba
3.7 o7
2 —— -F_—-L-_ S *_,_J volts 2 - F’ ~ ST e oo velte
EERE e
L e
) = |
S N VO
Todr LI 4
PR 4’
. |
. M"b" v lte 4 ‘.N-wa--, - Velta
¢ [Pt
a v T e
= r..._ R, _ Cltae 5 : #——-"" .
i ! M
4 oer. ) +
t _,ﬁb__‘mwﬂ‘__w_ﬁ_ s Vet b »»*%m»—’w«rmmmv«wﬁ vio.te
19, ‘ tm
Py 3
M e F_*w~v-,---<_,,___ ey v lts § — —F—-‘~—-—*~— - PR
at b
37 4

J 4 a3 38
9 k l Volts 9 F ol valts
]
-4 6 Yy
l 319 | 3 .
e F- - - - - e voits e I +- TToTTT T s ! valte
: ;
' 324 ! l EINTS
. 1 1.5 | 1
11 - 4},'.. - . - ] Voelits 11 . f“L_. - = - . : Veite
l I
t-2.8y | - et
e F? @ R,
i
e A | Volits 12 L voits
r Lam < »
i % ¢ e s e
a2 LR TR 7 14. 8% 18.71¢ 23 IR 0.0 4.673 9 36 14 @77 18 716 23 ™

TIME (SECS.) TIME (SECS.)

WAVELETS PRODUCED BY A 2.5 POUND SHOT

Figure 3A

49




| 1)

SToPCR: L SISPCR:g

CEANNEL CHANNEL

1.41 ' ! 1o«
L | - I ! volta
. R - 1 Volte 1 r .
! (
Py
‘ 1 v’ ! h XY
\ A <ot
. F—'— R e 4] Volite 2 * : vaite
-3 ! :a
4 B4 .
I i
3 M —““"“'""“‘”"“"'; Volts 3 —_— _*.——.."M ““““ it viate
S Lk
, ¢33 L
i 4 ———— - Yo le
R ANCANAAA N A A AP volts A A |
1 -~
e Ve
4 87 4
|
. F—-f~ - — < volts 5 -—d—F—- e b veite
t T e
.2 e
4 33 e
|
' - _— Velte ® e vroitle
e e [ 1 e
[ E
3 .
a6y
- - "k"‘— ST e -——“"‘u*w‘l volte 7 '“hvk—w——v——~vw-v~“""‘"‘h"'* vootae
‘ L7 ! o
3 af =)
—J viits
33 - —_— —-4 Voite <] V{
‘ \
5. 21 i -+ 1
< Hy
4.43
— Yol
9 F voits 9 ¢
' -4.37
~a.27 ENre
. ) | 2.74 1
- — ——— A R — Vi ]‘
‘e rrw——- - T wite 18 ! one
3
| ‘ 373 g
. @ ™w i

! ! !
J 11 ———L’—- i | Vuite
11 *.,. - [P Voite ‘

v e
4. 43 ¢ g}
a.7x 1.
" J
Ve - I volte 12 ——+~ ' volte
lﬁ?AG -3.12
L]

1 —4 |
b e pr——t 1 { |

78 9 e 14 @34 168.712 23 IR 8. 828 4678 9.356 14.€34 18.712 23 r&
o .6 .

IME (SECS.)
TIME (SECS.) Il (

WAVELETS PRODUCED BY A 2.5 POUND SHOI

Figure 4A




AVPINDEX B: FLAT=-FEARTIT VIDRO=-ACOUSTICS

Pressure and seisnic transients produced by 2.5 and 5.0 pound
charges were measured at the VYOD Test Range at VAFB. The range is a flat
area largely free of surface obstacles. PBoundary acoustics over this site
are taken to be mucl: the same as those for the tlat open area surrounding
Pad 39A at KSC.

Surtace pressures produced by air shots at the EOD Range and during
Shuttle launches are readilv extrapolated over our range of interest as
spherical, far-field acoustics on a flat-earth boundary. Differences
hetween pressure measurements of the Shuttle at KSC and explosions at the
FOn Range for a cormon offset are taken to be solely a source attribute.
Difference pressures under these restrictions can be mapped inco one
ancther by temporal convolution.

Figure 1B is the vibro-acoustic disturbance produced by a 2.5 pound
charge at the LOL Range measured through GDAS configured as in Figure 21
with channel responses given in Figure 3B through 5B. The pressure
triansient is tound to propagate without 3 change in torm at a median
velocity ol 345 m/sec, Figure 6B, The specific acoustic impedance at the
surface is 1.7f]0a dyne se(;,"cm-’3 (rayl) tor all but the air-coupled
term. It is worth noting that an air-coupled frequency as high as
vncountered here (49 Hz) indicates an extremely shal'ow alluvial cover
15,

Surface nressure wavelets at the Fobh Range diftfer significantly trom




)
those generated by the same weight charge at V23, TDifterences in wavelet
‘I level, form and duration at a common offset are duc to boundary generated

pPressure terms.
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APPERDIX C: PSEUDO VFIOCITY SPLCTRA

Pseudo velocity «pectra are corputed from the second order differential
cquation, vit) + a_\.'(t' + by (t) = X(t), where ¥(t) is base acceleration and
v o is the displacement ot the structural element, responding as o mechanical
orcillator (1o, The a'= and b'o are related to frequency (f) and damping
tactor (doas toilowsn: 7§ Sty and a o= 4 xdf.

Pocudo velocity spe tra call tor returning the absolute maxioum value of
;. tor an ensemble ot Jemping and tree period values for the input o).
tirce we have base veleooity v(it) available as an output trom our simulation
~oonolve terow max by

vits o+ agveouyde o b fviaeddedt 2 vty dt.
Theoapprovimating solution (Pedv for discrete values withat= b oand zero

fnitial condition i+ piven by

v n-| n- 1 n}—_l
T S ;
i ot s v - A o = bl -k /
O S ST k=0 "k Ly TRy
R R
2 f

The frequencies used range from .25 to 25.0 Hz in increments of .25 Hz.
“he v max values are in turn multiplied by the appropriate angular

fregencies to pive spectra with the units of velocity.
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